Objective-To determine whether babies in an area of Britain with unusually high perinatal mortality have different patterns of fetal growth to those born elsewhere in the country.
0*6, 1-0). The ratio of placental weight to birthweight was higher in Burnley (difference 0-6%, 95% CI 0*4, 0-9). These differences were found in boys and girls and did not depend on differences in duration of gestation or on the different ethnic mix ofthe two districts. Mothers in Burnley were younger, shorter in stature, had had more children, were oflower social class, and more of them smoked during pregnancy than mothers in Salisbury. These At birth the baby was weighed to the nearest 5 g using digital scales. The placenta was weighed with one inch of cord attached using digital scales, the clamp being removed at the time of weighing.
The scales were checked each week against standard weights: recalibration was not required during the study period.
Mothers were invited to participate in the study in the 24 hours after delivery. Information on their social and demographic characteristics and health during pregnancy was collected by questionnaire and inspection of the hospital notes. Mothers' height was taken from that measured at booking. The babies' body size was measured at a median of 16 hours after birth (range 15 minutes to 31 hours). Crown-heel length was measured on a neonatal stadiometer. Head circumference was measured at the maximum occipito-frontal circumference. Mid-arm circumference was measured at a point midway between the acromion and olecranon. Upper abdominal circumference at expiration was measured at a level midway between the xiphistemum and the umbilicus. All measurements were made three times to the nearest millimetre and the mean used in analysis. The circumferences were measured by marking blank tapes. These were read off after all measurements of the baby had been completed.
There were two teams of fieldworkers, comprising three fieldworkers in Bumley and three in Salisbury. Both teams trained together and interobserver and between team tests of repeatability were performed before the study. The tests were repeated at monthly intervals throughout the study period, using repeated measurements on a set of babies, in a balanced analysis of variance design.
STATISTICAL METHODS
Means and distributions of variables were compared between Bumley and Salisbury using t tests for normally distributed variables, MannWhitney U tests for non-normally distributed variables, and x2 tests for categorical variables. The simultaneous effect of variables was analysed using multiple linear regression. Information was incomplete in less than 5% of babies (birthweight eight babies, placental weight 107, crown-heel length 16, head circumference three, arm circumference four, upper abdominal circumference seven, gestation 40). Where information was missing, the baby was excluded from that part of the analysis.
Results
Of 2679 eligible babies, 2612 were included in the study. Twenty two mothers refused to paerticipate and 45 left the hospital before they could be approached. Non-participants tended to be of higher parity than participants. There were no significant differences between participants and non-participants in matemal height, birthweight, placental weight, or duration of gestation. Thirty one babies were excluded from the analysis because they were twins, 11 because they had deformities likely to perturb measurement of their length, and one because sex was not recorded. The results presented are for the remaining 2569 babies, 1305 boys and 1264 girls. Compared with babies in Salisbury, babies in Burnley had lower mean birthweight (table I) . They had, however, similar mean length. Thus, they were thinner, as measured by the ponderal index (weight/length3). Bumley babies had smaller mean head, arm, and abdominal circumferences, but similar mean placental weight (table  I) . Their ratio of placental weight to birthweight was higher. The differences between Burnley and Salisbury were similar for boys and girls. Figures 1  and 2 show that the differences in ponderal index and abdominal circumference were associated with different distributions of the measurements throughout the population, and not only differences at the extremes. Replicate measurements on the same babies showed no systematic differences between fieldworkers in measurements oflength and abdominal circumference. Fieldworkers in Bumley tended to record smaller head and arm circumferences. However, these differences in measurement technique accounted for less than half of the observed difference in means of these two measurements between Bumley and Salisbury.
Ethnic origin Among Bumley babies, those born to Asian mothers had lower birthweight, head and abdominal circumference, and lower placental weight than those born to white mothers. They had similar crown-heel lengths, and therefore had a lower ponderal index. Eighty six per cent of the mothers in Bumley were white compared with 99% in Salisbury. Thirteen per cent of mothers in Bumley were Asian, mostly from Pakistan. The differences between Burnley and Salisbury persisted, however, if the analysis was confined to babies born to white mothers only (table III) .
MATERNAL HEIGHT, AGE, AND PARITY
The babies of taller mothers were larger in all measurements. Mothers in Bumley were on average 2-9 cm shorter than mothers in Salisbury. The differences in size at birth between the districts were seen at all maternal heights.
Babies of older mothers, those more than 30 years, were on average 157 g (95% CI 110, 204) between Bumley and Salisbury after allowing for differences in maternal characteristics, is shown in table V. Babies were significantly thinner, measured by ponderal index and arm and abdominal circumferences, in Bumley, and had higher placental weight to birthweight ratios after allowing for the differences in mothers. The differences in birthweight and head circumference were diminished and no longer statistically significant. This depended on the inclusion of maternal height in the regression model. 
Discussion
We have compared the distributions of size at birth in two districts in England. One, Burnley, has for many years had one of the highest perinatal mortality rates in the country. The other, Salisbury, has rates around the national average.3 We found that babies bom in Burnley were thinner at birth, as measured by ponderal index, arm and abdominal circumferences and had smaller head circumferences (table I) . These differences were not the result of differences between the districts in the duration of gestation. Thus, they reflect different pattems of fetal growth.
Thirteen per cent of mothers in Bumley were bom outside Britain, mostly in Pakistan, and more ofthe Bumley mothers were of low socioeconomic status and smoked during pregnancy. Their average height was 2-9 cm shorter, they were 1-8 years younger, and more were multiparous. These differences between the districts in the characteristics of the mothers did not, however, explain the differences in thinness, but accounted for much of the difference in head circumference (table V) .
Our study populations included all hospital deliveries in the two health districts during a predetermined time period. The only babies excluded were the small number bom outside hospital, and those who were admitted to the special care baby units. The clinical indications for admission to these units were similar in the two districts and almost all of the admitted babies weighed less than 2500 g. The differences in mean birth measurements between Bumley and Salisbury were little changed by analysing only babies weighing at least 2500 g. These differences reflect the distributions ofbirth measurements throughout the two populations and are not the result of an excess of very small, thin babies in Bumley (fig 1  and 2 The babies in Burnley also had a higher ratio of placental weight to birthweight. Disproportionate placental size is thought to be an adaptation to matemal undernutrition.6 It occurs in babies whose mothers were anaemic during pregnancy. " It can be produced in sheep by reducing the calorie intake of ewes in early pregnancy.'2 13 The thinness of babies in Burnley may result in impaired neonatal metabolism: such babies may, for example, suffer from neonatal hypoglycaemia.5 Babies who are thin at birth may also have impaired metabolism in later life. Recent follow up studies of men and women born in Preston and Sheffield have shown that those who were thin at birth have, as adults, increased death rates from cardiovascular disease and high rates of syndrome X, the coexistence of hypertension, impaired glucose tolerance, and abnormal lipids.'4 15 These associations are thought to reflect programming, whereby influences which impair fetal growth have permanent effects on the structure and function of particular organs and tissues.
Burnley has high death rates from circulatory disease the standardised mortality ratio during 1991 was 116 compared with 90 in Salisbury. '6 The thinness of babies in Burnley now suggests that these high death rates from circulatory disease may persist. This would be consistent with long term forecasts of national and regional trends in cardiovascular mortality in England and Wales which suggest that the differences in cardiovascular mortality between the north and south of the country will increase. '7 We conclude that in a district of England with high perinatal mortality there is evidence of widespread subacute fetal distress which results in thinner babies. This poorer growth late in pregnancy is seen throughout the population and is related to influences other than maternal height, age, parity, social class and smoking. We suggest that they may result from imbalances in maternal nutrition. The nature of these is unknown and further studies are needed. 
